Mandarin Speech Production of Children with Cochlear implants:  A Systematic Review                                                                                                              2

	Table 2. Summary of study characteristics and results on the vowel production in Mandarin-speaking children

	[bookmark: _Hlk43163102]Study
	Participants demographics
	Outcome measures and procedure
	Main findings

	Chuang et al., 2012
	From Taipei
CI group (N=24)
CA: 7;8 (6;0-11)
AI: 3;4 (1;5-6;4)
NH group (N=24)
CA: 7;8 (6-11)
	1.Intelligibility test
(Reading passage with 74 two-word items, including 16 vowels and diphthongs)
2.Vowel phonation task (5 repetitions of / i u a /)
3.Sentences production task (Reading 9 sentences containing / i u a /)
	Accuracy analysis: CI (M=81.6%) <NH (M= 98.1%). 
Acoustic analysis (vowel normalized by transforming Hz to mels):
1.Both CI and NH: F1 ranges (/a/-/u/;/a/-/i/) and F2 ranges (/a/-/u/) in vowel phonation task > in the sentence production task.
2.Vowel space & F2 reduction: CI <NH in vowel phonation task.
3.F2 ranges (/i/-/u/): CI <NH in both tasks
4.CI: vowel space /F2 <SC>speech intelligibility, vowel, consonant, phoneme, word correctness.

	Tseng, Kuei and Tsou, 2011
	From Taipei
CI group (N=15)
    CA: 6;45(3;7-12;5)
AI: 1;87 (0;6 – 5;1)
1 NH 5;5 (for vowel space)
	Level of auditory memory
Word-picture test
(18 memorized sentences containing 12 consonants, using picture prompts)
	Acoustic analysis (z-score normalized)
1.CI with larger vowel space size is closer to the vowel quadrangle chat of NH.
2. CI: larger vowel space size related to better speech intelligibility score, except 2 cases. 

	Wang et al., 2017
	From Guangzhou
CI group (N=30)
    CA: 5;2
AI: 4;0-6;0
NH group (N=15)
CA: 5;8 (4;0-6;0)
	Vowel phonation task  
(Test at 1,3, 6, 12, 18 and 24 m intervals DCI. Pronouncing / i u a / for 3 second.)
	Acoustic analysis 
1.Vowel formant: CI <SD>NH children, particularly at F2 (i) & F2(u).
2. CI:  F1 (a) & F2(i) ↑and F2 (u)↓ at 12m DCI, but no <SD>18-24 m. 


	Yang et al., 2015
	From Beijing
CI group (N=14)
    CA: 5;2 (2;11–8;3) 
AI: 3;5 (1;2-7;1)
NH group (N=60)
CA: 6;2 (3;1–9;0)

	Word production task
(4 tones of 23 monosyllables containing /i a u y ɤ ʅ ɿ / using tone 1 cue)
	Acoustic analysis (Lobanov z-score normalized)
1.Duration: CI >NH (with similar pattern, /y /longest, /ɿ/ shortest)
2. Scatterplot: CI≈NH in separating /i a u/, but not in /y ɤ ʅ ɿ /
3. vowels ellipses: CI 2-6 times > NH, except in /a/
4. AD: CI with greater variation than NH in /i u y ɤ ʅ ɿ/ (with different AD pattern)
5. Vowel space & F2(i): CI >NH
6.CI: Vowel space negative <SC> IA, but not <SC> DCI 

	Yang and Xu, 2017
	From Beijing
CI group (N=14)
    CA: 5;2 (2;11–8;3)
AI: 3;5 (1;2-7;1)
NH group (N=14)
CA: 6;2 (3;1–9;0)
	Word production task
(4 tones of 9 monosyllables containing /aɪ aʊ uo iɜ iaʊ ioʊ/) 

	Acoustic analysis (normalized Hz to Bark scale, dynamic analysis)
1.Formant trajectories (F1*F2 space):CI more individual variation, and patterns difference are mainly in F2.
2. AD:CI > NH (CI with great individual variability)
3. Vowel duration: CI >NH
4. Trajectory length: CI ≈NH CI with great individual variability)
5. Vowel spectral roc: CI< NH in /uo iaʊ ioʊ/; triphthongs > diphthong In NH but not in CI.

	Yang and Xu, 2021
	From Beijing
CI group (N=25)
    CA: 7;3 (4;6–10;1) 
AI: 2;8 (1;0-6;6)
NH group (N=20)
CA: 6;5 (4;3–10;0)
	Word repeating task
(repeating 40 Mandarin disyllabic or trisyllabic words containing 20 Mandarin vowels (/a i u y ɤ ɿ ʅ ai ei ia ie ye ua uo au ou iau iou uai uei/)
	Accuracy analysis: CI (M=61.3%) <NH (M= 71.4%). 
Acoustic analysis (Lobanov z-score normalized)
1. Duration: Monophthongs: CI≈NH (except /ɿ/) 
Compound vowels: CI>NH (except /ai/ and /iau/)
2. Scatterplot: CI≈NH in separating /i a u/, but not in /y ɤ ʅ ɿ /
3. vowels ellipses: around CI 2 times > NH (CI /y/ is around 3 times > NH).
4. AD: CI with greater variation than NH in /i u y ɤ ʅ ɿ/ (with different AD pattern)
5. Vowel space: CI < NH; F1(a): CI < NH; F1(u): CI > NH
6. CI: Vowel space negative <SC> IA, but not <SC> DCI
4. Trajectory length: CI>NH CI with great individual variability)
5. Vowel spectral roc: CI not <SD>NH

	Notes: “N”= numbers; “CA”= chronological age ; “AI”= age at implantation; “7;8”= 7 years 8 months ;“DCI”= duration of CI use;“<SC>”= significant correlation;“<”= A significantly lower (accuracy)/ smaller (vowel space; F1,F2 range; trajectory length; vowels ellipses)/ shorter (vowel duration; vowel spectral roc) than B;“>”= A significantly higher (accuracy)/ larger (vowel space; F1,F2 range; trajectory length; vowels ellipses)/ longer (vowel duration; vowel spectral roc) than B; “M”=mean score; <SD>=significantly different; ” ≈”=similar/ comparable; ”AD”=acoustic distance; ”↑”=significant increase; “↓”=significant decrease; ”m”=month(s).



